INTRODUCTION

9
Intracranial aneurysms are focal pathological dilatations of the cerebral arteries predominantly formation and rupture of intracranial aneurysms [8] [9] [10] [11] . The role of these factors in aneurysm 7 progression remains unclear and the question of whether bleb formation is related to high or low 8 shear stress areas is equally debated.
10
We report findings from 27 patients harbouring single blebs using pre-bleb CFD models. Flow 11 structure, wall shear stress (WSS), wall pressure and oscillatory shear index (OSI) were analysed 12 and correlation with bleb location was sought. This enabled us to clarify the relationship between 13 intracranial aneurysm CFD parameters and bleb location. only included where one of the feeding A1 vessels was absent.
28
The IGES files were imported into ANSYS Workbench V14.0 (ANSYS Inc., Canonsburg, Pa., 1 USA) and a volumetric tetrahedral mesh with inflation was generated with a resolution of 0.1 to 
RESULTS
22
The data used for correlation of bleb location was generated from the pre-bleb models. We found 23 that maximal WSS was located at or adjacent to the bleb in 4 and 16 cases respectively, a total of 24 74% of cases (p=0.019), and not related in 26% ( Table 2 ). Note that adjacent here refers to 25 within one radius of the bleb region (Refer to Definitions subsection). Rupture status of the aneurysm did not affect this, with similar results for ruptured (72%) and unruptured (78%).
1
There were no statistically significant differences between these two groups.
2
Streamlines were found to impinge at or adjacent to the bleb in 9 and 12 cases respectively, or be 3 related to the outflow jet in 3 cases and thus be related to the bleb in 89% of cases (p<0.001). In On analysis of the bleb models, WSS was lower in the bleb than the primary aneurysm in 89% of 8 cases (p<0.001). Pressure was greater in the bleb in 63% of cases and OSI was greater in the bleb 9 in 44% of cases, however neither were statistically significant (Table 3) .
10
Aneurysmal WSS (inclusive of the bleb regions) was lower than the nearby parent artery "near 11 vessel" in 100% of cases (p<0.001), with pressure and OSI greater for the aneurysm than the 12 nearby parent artery in 93% of cases (p<0.001, Table 4 ).
13
Analysing WSS across the four prior defined regions for bleb and pre-bleb models revealed that and post bleb models reinforce the need to perform predictive simulations on a pre-bleb model.
2
Following bleb formation, the WSS decreased within the bleb region by an average of 73%, such 3 that 24 of the 27 models now had a lower WSS within the bleb region than the primary aneurysm (Table 4 ).
13
Our study based its pre-bleb model on that of the original bleb model and not on raw imaging.
14
The assumption being that the digital formatting to create the pre-bleb model is true and
15
representative of the aneurysm's initial morphology. This implies that bleb formation proceeds in 16 a stepwise process, with the main aneurysm forming initially and the bleb at a later point in time.
17
Whilst the literature on this is scarce, the notion that blebs form secondarily to the aneurysm is 18 supported in the few papers on this topic 22,30,31 and the fact that Shojima et al. 22 were able to 19 accurately coregister their pre and post bleb models using actual data would further lend support 20 to this notion. In our 27 models (Refer to streamlines within Table 2), the major flow structures were not affected by the presence or absence of the bleb, however small changes within the body 22 or dome of the aneurysm could alter the relative position of the bleb and thus change its 23 haemodynamic relations. We do acknowledge that this still remains an assumption and needs to 24 be further validated.
25
There are several limitations to this work. As with all computational studies, several assumptions 26 were made. Inflow profiles were not patient specific and taken from a cohort of healthy patients.
27
The vessel wall was assumed rigid as a precise description of the mechanobiological properties Table 2 : Maximal wall shear stress (WSS), wall pressure (P), oscillatory shear stress (OSI) and flow streamlines related to the bleb for models both before and after bleb formation. Table 3 : Wall shear stress (WSS), wall pressure (P) and oscillatory shear index (OSI) of the bleb region compared with the primary aneurysm for models both before and after bleb formation. Number refers to models where the bleb value was lower than the aneurysm value. Table 4 : Wall shear stress (WSS), wall pressure (P) and oscillatory shear index (OSI) of the aneurysm compared with the nearby vessel for models both before and after bleb formation. Number refers to models where the aneurysm value was lower than the near vessel value. Table 4 
